Epithelial injury has been implicated as a driving factor for the pathogenesis of idiopathic pulmonary fibrosis (IPF). In this study we investigated changes in epithelial and mesenchymal markers in experimental models of fibrosis and associated this with IPF. TGFβ 1 induced an epithelial to mesenchymal transition (EMT) phenotype in A549 cells and normal human bronchial epithelial cells, with A549 cells exhibiting a more profound transition to a mesenchymal phenotype. TGFβ 1 overexpression in the lungs of mice resulted in an early increase in mesenchymal cell markers and apoptotic genes that preceded collagen deposition, suggesting an early epithelial injury triggers the downstream fibrotic response. In contrast, bleomycin had a gradual increase in mesenchymal cell marker and a decrease in E-cadherin expression that correlated with collagen protein deposition. Finally, we compared normal healthy lung tissue with surgical lung biopsies from IPF patients and observed alterations in epithelial and mesenchymal cell markers, as well as an increase in the apoptotic marker GSK3β. Interestingly, the mesenchymal changes were more profound in rapidly progressive patients in comparison to IPF patients with slowing progressing disease. In summary, this study provides evidence of alterations in epithelial and mesenchymal markers in experimental models of lung fibrosis and how these findings are relevant to clinical disease.
Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic progressive disease of the lung with unknown aetiology and a median survival time is 2.8 years from diagnosis [1] . In the UK alone, the incidence of IPF has more than doubled in the past 15 years and there are around 5000 new cases of IPF identified each year [2] . There is currently no effective treatment for the disease, aside from lung transplantation, which improves clinical outcome [3] .
Treatment of IPF patients with anti-inflammatory drugs has had little desired effect on the disease, suggesting that the pathogenesis of IPF is yet to be fully explained. It is now more widely accepted that inflammation is not the primary feature of IPF and that recurrent epithelial injury and aberrant wound healing is the main mechanism of this disease [4] [5] [6] [7] .
Alveolar type II cell injury is an early feature in IPF [8] , with increased mediators of alveolar cell apoptosis in IPF lung biopsies and bronchoalveolar lavage being observed [9] . Moreover, phenotypic changes in epithelial cells have been reported in the lungs of IPF patients, whereby epithelial cells express mesenchymal markers concomitantly [10] . Due to this immunohistochemical phenomenon, it has been hypothesized that epithelial to mesenchymal transition (EMT) is one pathway by which fibroblasts accumulate in the lungs of IPF patients [10] [11] [12] .
TGFβ 1 is a potent inducer of EMT in multiple organs, including the lung [12] and it has recently been reported that EMT could be used as a potential prognostic indicator in IPF [13] . Extensive in vitro work has shown that epithelial cells treated with TGFβ 1 will begin the process of EMT through increased expression of mesenchymal markers, basement membrane destruction, and finally cell detachment, yielding a mesenchymal phenotype [14, 15] . TGFβ 1 is aberrantly expressed in the epithelial cells in the lungs of IPF patients and found to be increased in BAL samples from patients [16, 17] . Therefore it is plausible that local TGFβ 1 levels could be enhancing an EMT-like phenotype in the lungs of IPF patients.
To date, evidence that EMT exists in disease-relevant animal models and IPF patients is limited and controversial. Here, using the bleomycin-induced lung fibrosis and a TGFβ 1 transgenic mouse model, we correlate the changes in epithelial and mesenchymal markers and markers of apoptosis, with the extent of fibrosis. We then translated these findings into clinical setting by assessing the expression levels of epithelial and mesenchymal markers in lung biopsies from patients with slowly progressing and rapidly progressing forms of IPF.
Materials and Methods

2.1.
Materials. TGFβ 1 (R&D Systems, Abingdon, UK), anti-E-cadherin (R&D Systems Abingdon, UK), anti-fibronectin (R&D Systems, Abingdon, UK), anti-fibronectin-EDA-FITC (Santa Cruz, Heidelberg, Germany), anti-vimentin-TRITC (Santa Cruz, Heidelberg, Germany), anti-Collagen-I (Abcam, Cambridge, UK), secondary anti-rabbit-Alex 888 (Invitrogen, Paisley, UK), β-tubulin (LI-COR), Hoeschtt 33358 (Invitrogen, Paisley, UK).
Cell Culture.
Human type II alveolar epithelial cells (A549) supplied from the ATCC were maintained in F12K Hams (Invitrogen, Paisley, UK) supplemented with 10% foetal bovine serum (SAFC Biosciences, Andover, UK), penicillin (100 U/mL) (Invitrogen, Paisley, UK), and streptomycin (100 μg/ml) (Invitrogen, Paisley, UK). Normal human bronchial epithelial (NHBE, nonsmoker, donor 105116) cells supplied by Lonza were maintained in BEGM (bronchial epithelial cell growth medium) BulletKit (Lonza). Both cell types were cultured at 37
• C in the presence of 5% CO 2 . 
mRNA Analysis.
For in vitro samples, branched DNA technology using QuantiGene 2.0 reagent system (Affymetrix) was used to quantify gene expression levels according to manufacturer's guidelines. Transcript levels were normalised to PPIB and fold change compared to controls was calculated. For gene analysis from lung tissue, total RNA was obtained using either TRIzol reagent (Invitrogen, Paisley, UK) or RNeasy fibrous tissue minikit (QIAGEN) according to the manufacturer's instructions. RNA was reversetranscribed into cDNA using the high-capacity cDNA kit (Applied Biosystems) and gene expression levels were determined using qRT-PCR and analysed using an ABI Prism 7900HT sequence detector (Applied Biosystems). Transcript levels were normalized to 18 s and fold change was calculated compared to matched animal controls using 2 −ΔΔCt .
Nu-PAGE and Western
Blotting. Cells were scraped and lysed in RIPA buffer (Sigma-Aldrich, Poole, UK) containing protease inhibitors (Roche Diagnostics, East Sussex, UK). Cell suspensions were cleared by centrifugation at 10 000 rpm for 10 minutes at 4 • C. Protein was loaded onto Bis-Tris (4-12%) Nu-PAGE gels followed by electrophoresis and then transferred to PVDF membranes using the iBlot dry blotting system (Invitrogen). Membranes were blocked in Odyssey blocking buffer (LI-COR) for 2 hours and then probed with appropriate primary antibodies in Odyssey blocking buffer supplemented with 0.02% Tween-20 overnight at 4
• C. Membranes were washed 4 times in PBS-T for 5 minutes each and were then probed with the appropriate IRDye 800cw conjugated secondary antibody (LI-COR) in Odyssey blocking buffer supplemented with 0.02% Tween-20. Membranes were washed as before and left to dry before scanning on the Odyssey Clx Infrared Imaging System (LI-COR). [18] . These mice use the Clara cell 10-kD protein (CC10) promoter to specifically target bioactive human TGFβ 1 to the lung. These mice were backcrossed for more than 10 generations onto a C57BL/6 background, bred and genotyped as previously described [18] . 6-week-old Transgenic + mice and Transgenic − littermate controls were randomized to normal water or water containing 0.5 mg/mL doxycycline as described previously [18] .
Bleomycin-Induced Model of IPF.
Six-to-eight-week-old female C57BL/6 mice (Charles River, Margate, UK) weighing 18-21 g were anaesthetised with ketamine (80 mg/kg) and xylazine (8 mg/kg) i.p. Bleomycin sulphate (0.015 U/ 30 μL/mouse, Sigma, Poole, UK) was administered as previously described [19] .
Total Lung Collagen Assays.
Lungs from the TGFβ 1 transgenic mice were homogenized in antiprotease buffer (Roche Diagnostics Corp., Indianapolis, Indiana, USA) and processed as previously described [20] . Total soluble collagen levels in the TGFb Tg model were measured by Sircol Assay (BioColor, Ireland) according to the manufacturer's instructions. Lungs from the bleomycin model were assessed for hydroxyproline levels as previously described [19] .
IPF Lung Samples.
All surgical lung biopsies (SLBs) were obtained from the patient at the time of diagnosis of IPF. Patients were diagnosed with IPF using a multidisciplinary approach involving clinicians, radiologists, and pathologists [21] . A University of Michigan Institutional Review Board approved this study, and written informed consent was obtained from each IPF patient. IPF patients were retrospectively grouped into a rapidly progressive group (n = 9; 2 females and 7 males; median age 66) based on the following criteria during the first year of followup: mortality or acute exacerbation, percent forced vital lung capacity (FVC) decrease of ≥10%, and percent diffusing capacity of carbon monoxide (DL CO ) decrease of ≥15%. IPF patients that did not meet these criteria over the first year of followup were clinically diagnosed as slowly progressive (n = 6; 4 females and 2 males; median age = 61 years). Samples taken from disease-free patient autopsies were used as normal controls (n = 10; 5 females and 5 males; median age = 24 years). A University of British Columbia Institutional Review Board approved the procurement and analysis of the healthy control lung tissues.
Statistical Analysis.
The data show the mean ± SEM of at least three independent experiments (n = 3) unless otherwise indicated. Statistical significance was determined using Student's t-test or one-way ANOVA with Dunnett's posttest where appropriate. P values less than 0.05 were considered statistically significant.
Results
TGFβ 1 Induces EMT In Vitro.
EMT is a common feature of tumour development. Here we initially used a lung epithelial tumour cell line, A549, which is commonly used in EMT assays [22] [23] [24] , to profile the TGFβ 1 -induced changes in EMT markers. A549 cells were treated with TGFβ 1 for 24 hours and a panel of EMT associated genes were measured. The epithelial markers E-cadherin and SIP-1 both showed a downregulation following the addition of TGFβ 1 in a dose-dependent manner (Figure 1(a) ). In contrast, there was an upregulation of mesenchymal markers, also in a dosedependent manner, including N-cadherin, vimentin, and collagen Ia1 (Figure 1(b) ). Treating A549 cells with TGFβ 1 for 72 hours also induced morphological changes to the cells. As shown in the phase contrast images (Figure 1(c) ), the cells changed from a typical epithelial cobblestone appearance (untreated) to a spindle-shaped morphology, characteristic of a mesenchymal cell, in response to TGFβ 1 . This change in cell morphology was also associated with increased mesenchymal protein expression, as shown by immunofluorescent staining for fibronectin-EDA, vimentin, and collagen I (Figure 1(d) , all shown in red, Hoeschtt 33358 nuclear stain is shown in blue).
Since A549 cells are lung carcinoma derived, we then assessed whether primary human bronchial epithelial (NHBE) cells would also undergo EMT in response to TGFβ 1 . Treating NHBE cells with TGFβ 1 (1 and 10 ng/mL) for 24 hours resulted in a downregulation of the epithelial marker E-cadherin (Figure 2(a) ) and a concomitant upregulation of the mesenchymal markers vimentin, collagen Ia1, and fibronectin-1 (Figure 2(b) ). Following a 48-hour treatment with TGFβ 1 (10 ng/mL, "+"), western blot analysis (Figure 2(c) ) was performed and confirmed an increase in fibronectin-1 in response to TGFβ 1 ; however, the epithelial marker E-cadherin appeared unchanged under these conditions. Moreover, it was also noted that NHBE cells showed little change in morphology when treated with TGFβ 1 and appeared to maintain an epithelial-like phenotype (data not shown). This may account for the minimal changes in Ecadherin at protein level as junctional proteins would still be intact to maintain this epithelial phenotype.
TGFβ 1 -Induced Alterations in Epithelial and Mesenchymal Markers and Markers of Apoptosis In Vivo.
Using a TGFβ 1 transgenic mouse system, where active TGFβ 1 is overexpressed specifically in an inducible manner in the lung epithelium, we measured elevated soluble collagen in the lungs of mice, after day 10 of transgene activation, which showed a significant increase starting at day 10 of transgene activation and continued to increase to day 21 ( Figure 3(a) ). To assess any changes in epithelial and mesenchymal phenotype, we also assessed the gene expression levels of a panel of genes in whole lung RNA. Here, alterations in a number of genes was apparent as early as day 3, with increases in collagen Ia1, fibronectin, WISP, and CTGF being observed (Figure 3(b) ). At days 7 and 10, mesenchymal gene expression, although upregulated compared to matching wild-type control mice, began to decrease compared to day Figure 3 : Evidence of increased collagen deposition and changes in epithelial, mesenchymal, and apoptotic gene expression following lungspecific TGFβ 1 transgene overexpression. TGFβ 1 was overexpressed by introducing doxycycline (0.5 mg/mL) into the animals water; wildtype controls also received doxycycline for 3, 7, 10, and 21 days. Total soluble collagen was measured in homogenates from the left lobe of the lung using the Sircol assay (a). RNA was isolated from whole lung and qRT-PCR was performed to identify EMT (b) and proapoptotic (c) regulated genes. Fold change in gene expression was calculated by comparing TGFβ 1 mice with wild-type mice at matching time points. Data represent mean ± SEM of at least n = 3 mice at each time point.
* P < 0.05 using Student's t-test.
3. However, there was a subsequent increase again at day 21, suggesting a bimodal TGFβ 1 -mediated response. The epithelial marker, E-cadherin, appeared to be only slightly downregulated at day 3 (0.9-fold) and day 10 (0.9-fold) and slightly increased at day 7 (1.5-fold) and day 21 (1.3-fold). High levels of TGFβ 1 are known to promote apoptosis in vitro [25] . Moreover, inhibiting apoptosis with a pancaspase inhibitor Z-VAD reduced subsequent fibrosis [18] . Therefore, we next determined the relative expression of apoptotic markers present in the lungs of TGFβ 1 transgenic mice (Figure 3(c) ). TGFβ 1 induced expression of caspase-3 (2.6-fold) at the early day 3 time point, although this then dropped slightly at days 7 and 10 but by day 21 this had increased further to 3.5-fold. BID and caspase-2 showed a peak in mRNA expression at day 7 of 2.0-and 1.8-fold, respectively, compared to all other time points. Caspase-4 showed minimal changes peaking at day 3 (1.4-fold) but then gradually decreased.
Increased Collagen Deposition Is Associated with Epithelial, Mesenchymal, and Apoptotic Changes in the Bleomycin
Model of Lung Fibrosis. We next profiled the expression of epithelial and mesenchymal markers, along with apoptosis markers during a bleomycin-induced model of lung fibrosis. To confirm the extent of lung fibrosis, we determined the levels of lung collagen using a hydroxyproline assay. Here, at days 7 and 14, significant levels of collagen were detected compared to saline controls (Figure 4(a) ). Assessment of epithelial and mesenchymal markers at these time points indicates an increase in mesenchymal marker upregulation at day 3; however, this was further increased at day 7 with increased expression of collagen Ia1 (3.9-fold), CTGF (4.0-fold), fibronectin-1 (2.7-fold), and WISP-1 (5.5-fold). At day 14, collagen Ia1 and WISP-1 further increased to 7.8-and 6.8-fold, respectively, whereas CTGF and fibronectin remained relatively unchanged. In contrast, the epithelial marker E-cadherin appeared to be downregulated at day 3 Figure 4 : Evidence of increased collagen deposition and changes in epithelial, mesenchymal, and apoptotic gene expression in bleomycintreated mice. Mice were given bleomycin sulphate (0.015 U/30 μL/mouse) or saline i.t. at day 0 and then at days 3, 7, and 14, lungs were removed for subsequent analysis. Lung collagen was measured using hydroxyproline assay in homogenates from whole lung (a). RNA was isolated from whole lung and qRT-PCR was performed to identify EMT (b) and proapoptotic (c) regulated genes. Data points represent mean ± SEM of at least n = 3 mice at each time point. * P < 0.05, * * * P < 0.005 using Student's t-test.
(0.74-fold), day 7 (0.70-fold), and day 14 (0.75-fold) and this moderate downregulation remained relatively unchanged across the duration of the time course. We also determined changes in apoptotic markers across the bleomycin-induced model (Figure 4(c) ). Here we measured no change in caspase-2 gene expression; however, caspase-3, caspase-4, and BID all showed increased mRNA expression peaking for all of the genes at day 7 (1.8, 2.0, and 1.7, resp.).
Alterations in Epithelial, Mesenchymal and Apoptotic Markers in the Lungs of IPF Patients.
To determine if any of the gene changes observed in the in vivo models correlated with human disease, we next assessed the relative levels of epithelial and mesenchcymal markers in surgical lung biopsies from IPF patients and compared them to normal controls. The IPF patient population was further subdivided into slow and rapid progressors as previously described [26] . We noticed a decrease in the epithelial markers keratin 18 and keratin 19 in both slow and rapid progressors ( Figure 5(a) ). In contrast, the mesenchymal markers collagen Ia2, collagen IIIa1, and vimentin were all increased in both cohorts of IPF patients ( Figure 5(b) ). Interestingly, in rapid progressors, the level of mesenchymal marker expression was higher than that of the slower progressors whereas the opposite was true for keratin 18 and keratin 19, with slow progressors showing decreased expression in comparison to rapid progressors. In addition, we measured the apoptotic marker, GSK3β, which was increased in IPF patients and again more profound in the 
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(c) Figure 5 : Changes in mesenchymal, epithelial, and apoptotic markers in IPF patients. RNA was isolated from surgical lung biopsies of IPF patients and qRT-PCR was performed to determine the expression of epithelial (a), mesenchymal (b), and apoptotic (c) regulated genes in normal, slow, and rapid progressors. Data points represent mean ± SEM of n = 6-10 for each group. * P < 0.05, * * P < 0.01 significance versus normal control using Student's t-test.
rapid-progressing cohort. Overall this disease-relevant data supports epithelial, mesenchymal, and apoptotic alterations with the progression of IPF.
Discussion
The aims of this study were to profile epithelial and mesenchymal changes during in vitro and in vivo models of lung fibrosis and associate this with clinical disease. We initially assessed the in vitro effects of TGFβ 1 on lung epithelial cells.
We then assessed the epithelial changes mediated by TGFβ 1 overexpression directly in the lungs of mice and compared this with the bleomycin-induced lung fibrosis model of IPF. Finally, we measured markers of epithelial change in lung biopsies from rapidly progressive and slowly progressive IPF patients.
EMT itself is an essential mechanism which plays a role in embryonic development and normal wound healing; however, settings where EMT is dysregulated can lead to cancer metastases and organ fibrosis [27] . EMT is a dynamic process whereby polarised epithelial cells undergo a morphological change to differentiated mesenchymal cells which are more invasive, motile, and resistant to apoptosis [28, 29] . During EMT, epithelial and tight junction proteins, including E-cadherin and certain cytokeratins, are lost; in contrast mesenchymal markers such as vimentin, Ncadherin, connective tissue growth factor (CTGF), wnt inducible signalling protein-1 (WISP-1), and fibronectin are gained [12, 30, 31] . Due to this change in multiple and often widely expressed markers, a panel or signature of changes in EMT markers are normally assessed [12] .
Whether EMT exists in IPF is a controversial research area [32] . Primary epithelial cells isolated from the lungs of asthmatics are more prone to undergo EMT ex vivo [33] . In IPF, there is some evidence that isolated alveolar epithelial cells from patients express increased mesenchymal proteins and TGFβ 1 regulates this process [34] . However, due to the practical limitations associated with isolating epithelial cells from IPF patients [35] , it is difficult to profile EMT in disease-relevant epithelial cells. Therefore we assessed A549 and NHBE in our EMT conditions. These cells are not derived from the main site of IPF fibrosis, the parenchyma. However, they do provide a useful tool in assessing epithelial biology in vitro. In this system, A549 cells were more sensitive to EMT than NHBE cells, which may be explained by the source of A549 being from a lung tumor and EMT is known to be a key feature of cancer progression [29] .
In the primary NHBE cells, minimal morphological changes were observed in response to TGFβ 1 , nor was there a significant decrease of epithelial marker expression. However, there was a dose-dependent increase in mesenchymal marker expression. The minimal changes in Ecadherin, a tight junction protein, unsurprisingly correlated with the lack of alteration of morphology. There are other reports demonstrating TGFβ 1 -induced EMT in primary NHBE cells; however, one publication fails to show or comment on any morphological changes occurring [36] and the second report, although shows some morphological change, this only occurs after 5 days of TGFβ 1 stimulation [37] . Therefore, the lack of epithelial changes in NHBEs in our system may be due to donor variability or differing aging/passaging of the cells. The cells used in our study were from a nonsmoker; this information was not provided in the above reports which could also modify the response of the cells. Future studies could assess the effects of aging and donor variability on TGFβ 1 -induced EMT responses. Another potential reason as to why the NHBEs were not as prone to losing epithelial phenotype is that they are derived from healthy donor lung tissue.
The lungs of IPF patients contain numerous cell types that exhibit altered phenotype and altered responsiveness to growth factor stimulation. Therefore, we used in vivo models to assess these phenomena in a more physiologically relevant, multicellular setting. An acute response in the TGFβ 1 transgenic model was shown by increased mesenchymal gene expression at day 3. However, this increase declined and normalised at day 10 and then further increased by day 21. In addition, the epithelial marker E-cadherin remained relatively stable throughout the model but did show a slight increase at days 7 and 21 compared to days 3 and 10. At the protein level, the TGFβ 1 transgenic model demonstrated the most significant increases in collagen deposition at day 21. We hypothesize that at the earlier timepoints, the changes in the epithelial and mesenchymal markers at day 3 and day 7 are more indicative of epithelial injury, which is corroborated with the increased expression of the apoptosis markers at day 3 and day 7. Moreover, inhibition of the early apoptosis in this model attenuates fibrosis [38] ; therefore this initial epithelial injury response may be the initiating factor for fibrotic responses that occur after day 10. Further assessment of the apparent bimodal effects on fibrosis markers following TGFβ 1 Tg overexpression may also determine key changes in TGFβ 1 responses as the fibrotic milieu becomes more chronic.
The bleomycin-induced lung fibrosis model is a model commonly used to assess pathways and features of IPF. There are significant differences between this model and clinical IPF, such as the spontaneous resolution of fibrosis in mice. However, key hallmarks observed in the clinical setting also occur following intratracheal bleomycin administration, namely, epithelial apoptosis and the presence of fibroblastic foci. In this study, we saw a gradual increase in mesenchymal associated gene expression across the time course. Fibronectin-1 and CTGF appeared to somewhat stabilise at day 7, whereas collagen Ia1 and WISP-1 continued to increase at day 14. E-cadherin remained relatively unchanged across the time course; although there was a minimal decrease in expression, this reduction may have been diluted due to whole lung tissue RNA analyzed, rather than specific epithelial regions. Subsequent studies may therefore confirm that EMT is occurring in this model. Furthermore, we noted an increase in the apoptotic markers caspase-3, caspase-4, and BID which peaked at day 7. In previous studies it has also been identified that bleomycin-induced mice show evidence of bronchial epithelial cell injury by TUNEL staining [39] ; however there are no known references, to our knowledge, where blocking apoptosis through caspase inhibition modulates lung fibrosis. Interestingly, it has already been suggested that apoptosis at the advancing edges of wounds is essential for the normal wound-healing response [40] . Moreover, based on the kinetics of the apoptosis genes and the epithelial and mesenchymal gene changes, the TGFβ 1 transgenic model may have an initial wound-healing response which is not associated with EMT. Moreover, this wound-healing response subsides at later stages. For all gene analyses, whole lung RNA was used. In future studies immunohistochemical analysis of tissue sections or laser capture microdissection will help to determine any discreet epithelial changes in either model.
In the final part of this study we evaluated epithelial and mesenchymal markers and apoptotic gene expression changes in lung samples from slow-and rapid-progressing IPF patients. Here we also saw an increase in mesenchymal markers, but we also detected a reduction in the epithelial markers, KRT18 and KRT19, when comparing IPF to healthy control donor lung. In addition, these alterations in epithelial-mesenchymal gene expression levels were also associated with a robust increase in the apoptotic marker GSK3β, which was also more profound in rapid-progressing IPF patients. This data collectively suggests that markers of epithelial and mesenchymal cells are altered and associated with the degree of apoptosis in IPF patients compared to normal's. Moreover, both mechanisms are more profound in the rapidly progressing IPF patient population, suggesting EMT is present, but this is more apparent in the rapid patients versus the slow-progressing patients.
One of the factors associated with IPF is repeated epithelial injury; however the hypothesis that EMT is driving IPF is controversial. The initial defining study describing EMT in IPF demonstrated a concomitant expression of epithelial and mesenchymal marker expression in lung sections [12] . However, whether this is a bystander phenomenon or actually promoting disease severity is unclear. In this study we describe experimental settings where we have shown that this phenomenon exists, namely, through TGFβ 1 promoting alterations in epithelial and mesenchymal cell phenotype. However, these alterations may simply be markers of epithelial injury and apoptosis due to the level of stimulus that was used. Moreover, there is increased lung cancer in patients with IPF [41] ; therefore it would be important to exclude these patients from analyses determining the presence of EMT in IPF. Furthermore, assessing therapeutic agents that specifically and uniquely block EMT in experimental models will define whether this cell differentiation pathway contributes to lung fibrosis development.
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